High resolution 2-D array of ultrasonic sensors needs many cables connecting to the back-end system. This paper proposes a novel front-end structure of 2-D ultrasonic sensor array that needs a single cable, even if many elements are placed in 2-D. In this structure, output from each element is converted to the pulse by an amplifier and a comparator. The 1-bit flip-flop attached to the elements captures this pulse. In 2-D array, column wise flip-flops compose the vertical shift register. Output values from the vertical shift registers are captured by the horizontal shift resister. All outputs of the flip-flops attached to the elements are simultaneously captured into the vertical shift registers. Then, the row of the 2-D array is shifted out to the horizontal shift register. The horizontal shift register shifts out each row value per one clock. As a result, just one cable is needed from the front-end to the back-end without many cables. However, it may take a long time to get all values from all elements because the values are sequentially output per one clock. This time duration may degrade the accuracy of the short range measurement and the frame rate if tracking the moving object. As a preliminary evaluation for the proposed structure, we investigate the relation among resolution, frame rate, and measured distance. We found that the highest resolution in the shortest range measurement can be decided only by the frequency of the speaker and the clock frequency of the shift registers in our analysis. In addition, the frame rate enough to the mobility tracking (60fps) can be achieved by the moderate clock frequency.
Introduction
2-D arrays of ultrasonic sensors have wider aperture angel and don't need to be moved mechanically than 1-D arrays. So 2-D arrays of ultrasonic sensors make it easier to measure 3-D than 1-D arrays. They are becoming prevalent in many fields; such as Diagnostic Imaging systems in medical (1) and Non Destructive Inspection in maintenance of plants and airplanes (2) . As a problem of ultrasonic sensor arrays, the front-end becomes large scale with increase of elements. However, improvement in MEMS technologies enables us to make very small micro-machined ultrasonic sensors. One of them is capacitive micro-machined ultrasonic transducer (CMUT) (3) . CMUT enables the frontend to be small with integrated circuits(IC) and many receive elements can be placed. So the high resolution front-end with many ultrasonic sensors is expected (4) . But, increase of cables to the back-end that processes a large number of dataset causes to degree improvement of resolution.
In this paper, we will suggest a new front-end structure of 2-D ultrasonic sensor array that has constant cables, even if many elements are placed in 2-D. In this structure, output from each element is converted to the pulse by an amplifier and a comparator. The 1-bit flip-flop attached to the elements captures this pulse. Each element is integrated with flip-flops. So these flip-flops can compose the shift register and values from all elements are sequentially output per one clock. As a result, just one cable is needed from the front-end that reads all values to the back-end.
In this paper, we present how to measure 3-D in our structure. After that, we present the front-end structure. In proposed structure, it may take a long time to get all values from all elements because the values are sequentially output per one clock. This time duration may degrade the frame rate and the accuracy of the short range measurement. As a preliminary evaluation for the proposed 2-D ultrasonic sensor array, we will investigate the relation among resolution, frame-rate, and measured distance.
Proposed 2D Sensor Array

Measuring Method on 2-D Ultrasonic Array
The distance to an object can be measured by the ultrasonic wave. The ultrasonic wave a speaker generates is reflected by the surface of the object. The reflected wave comes back to the ultrasonic sensor placed at the same point of the speaker. The distance from the sensor to the object can be calculated by multipling the traveling time with the sound speed.
As shown in Fig.2 .1, a 2-D ultrasonic sensor array can measure the distance between the surfaces of an object and sensors at a time.
As shown in Fig. 2 .2, after speakers driving, each cell outputs a binary 2-D map (arrival map) at a certain time. In arrival maps, each bit corresponds to each ultrasonic sensor arranged in 2-D. The "1" of bit in the arrival map means that reflected wave has arrived to the sensor. The "0" of bit in the arrival map means that reflected wave has never arrived yet.
Some arrival maps are acquired at a certain time interval. We have to consider frame-rates if this organization is applied to real-time 3-D imaging systems. We define k pieces of arrival maps as one frame. Time to get one frame is following expression.
is a time driving a speaker. is a time duration related to distance to the object and avoiding direct waves. is a time to get the whole of each arrival map. Measured distance r at the arrival map of j can be calculated by following expression.
where c is sound speed. 
Front End Organization
Front End Operation
Let us summarize the operations of the front end as follow.
(1) All SR flip-flops are reset by the controller. When the number of cells is m × n and the CLK frequency of the shift registers is in Fig. 2.3 , a time to get the whole of each arrival map can be expressed in following.
Preliminary Evaluation
Evaluation Set up
Fig .3 shows the assumed organization of the system with the proposed ultrasonic sensor array. The ultrasonic speaker in the system generates the ultrasonic wave with the frequency, f2. The sound speed is denoted as c . The ultrasonic sensor array and the shift registers are the front end capturing the generated wave from the microphone into the arrival maps. The ultrasonic sensor array has m×n cells. The operational clock (CLK) frequency of the shift registers is f1. The back end controls the ultrasonic microphone and gathers the arrival maps from the front end to generate an ultrasonic 3-D map.
Distance resolution
This system can calculate the distance by using the arrival maps sequentially acquired as shown in Fig. 2.2 and Eq. (2) . To get the whole of an arrival map, the CLKs that is the same amount of cells (n×m) are required. Thus, distance resolution is calculated using the following expression. The c varies according to the material through which the ultrasonic sound passes. For example, the c is 340 m/s in the air and 1540 m/s in the tissue. Fig. 3 .1 is relations between CLK frequency 1 and distance resolution in 64×64=4096 cells. Fig. 3 .2 is relations between the number of cells m × n and distance resolution in CLK frequency 1 = 500MHz . The higher CLK frequency is, the higher distance resolution is, as shown in Fig. 3 .1. As show in Fig.3.2 , distance resolution has a proportional relation with the number of cells. So the more cells populated, the lower distance resolution is. In the case of a large number of cells are required, CLK frequency must be high to keep high distance resolution.
In addition, the distance that is shorter than the wavelength of the used ultrasonic sound cannot be measured. The wavelength λ can be expressed as follow.
The 40 KHz wavelength in the air is 8.5 mm and the 5MHz wavelength in the air is 68μm . The 40 KHz wavelength in the tissue is 38.5 mm and the 5MHz wavelength in the tissue is 308μm. These wavelengths are the inherent limitations of the distance resolution. As making the clock frequency of the shift register higher, the shorter distance resolution can be achieved as shown in Fig.3.1 . However, the distance resolution cannot be improved over the limitations due to the wavelength mentioned above.
When the wavelength λ is equal with distance resolution, , the number of cells is calculated by Eq.(6) and Eq.(7) using Eq.(4). 
Eq. (7) shows the relations among the number of cells, the CLK frequency of the shift registers, and the frequency of the speaker in the max distance resolution. The number of cells doesn't depend on the sound speed c and is expressed by the ratio of the frequency of the shift registers 1 to the frequency of the speaker 2 . Fig. 3.3 and Fig. 3.4 are the relations between CLK frequency and the number of cells. Fig. 3 .3 is in 2 =40 KHz and Fig. 3.4 is in 2 =5MHz .If the frequency of the ultrasonic sound is higher, the number of cells can be increased. 
Flame Rate
Considering that the 40kHz speaker is used in Fig. 3,  Fig. 3 .5 show the relations between the CLK frequency and the flame rate when and is 200μs and k is 100 .
The flame rate decreases with the increase of the cells. However, the higher the CLK frequency of the shift registers is, the higher the frame rate is. So we need to adjust the CLK frequency of the shift registers for the required frame rate and the number of maps and cells.
Conclusions
We have proposed new front-end structure of 2-D ultrasonic sensor array that needs a single cable to connect the front end and the back end. The proposed front end gets all values sequentially. This time duration may degrade the frame rate and the accuracy of the short range measurement.
As a preliminary evaluation for the proposed 2-D ultrasonic sensor array, we investigated the relation among resolution, frame-rate, and measured distance. As a result, resolution is improved if the CLK frequency of the shift registers is high, although sound speed is different in measured environment. So short range measurement can be done in high resolution. Regarding the frame rate, 60 fps is enough to use usually. Even if the frame rate depends on the number of cells and maps, such rate can be realized by adjusting the CLK frequency of the shift register.
This work is at the stage of a preliminary evaluation. As further work, we will develop a prototype system realizing our proposal shown in this paper. Then, we will perform the detailed evaluations by using the real machine. In addition, we will investigate the real application using our proposal.
